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ELECTRODYNAMICS  OF  THE  HIGH  LATITUDE  IONOSPHERE 


1.  Iiitrcxiiiction. 

The  study  of  high  latitude  ionospheric  electrodynamics  is  important  to  both  our 
iinder-tanding  of  the  ionospheric  plasma  and  to  an  understanding  of  the  interaction  between 
the  Earth's  magiietit  field  with  the  iuterplanetarv  medium.  A  quantitative  description  of 
the  convective  motion  of  the  high  latitude  ionospheric  plasma  is  being  pursued  for  the 
purpose  of  studying  plasma  structures  where  the  convective  history  of  the  plasma  may  be 
important.  The  model  developed  for  describing  conditions  during  southward  interplanetary 
magnetic  field  'IMF)  has  been  adapted  to  possess  a  flexibility  allowing  some  representations 
ol  convert  ion  jiat  terns  i  hat  mav  exist  during  t  iines  of  northward  IMF.  Of  partictilar  interest 
during  times  of  northward  l.MF  is  the  electric  field  configuration  associated  with  stable 
auroral  features  at  very  high  latitudes.  The  electrodynamic  configuration  of  these  features 
has  been  tlescrihed  using  a  variety  of  satellite  and  ground  based  diagnostics  that  may 
also  help  tis  to  understand  the  global  configuration  of  the  magnetic  and  the  electric  field 
associated  with  them. 

The  dominance  of  small-scale  structure  in  the  electric  field  and  plasma  density 
during  times  of  northward  IMF  has  lead  to  a  study  of  the  ways  in  which  these  parameters 
are  coupled.  While  it  is  customary  to  think  of  the  Earth's  magnetic  field  lines  as  electric 
eqiiipotentials.  it  can  be  shown  that  they  are  far  from  exhibiting  this  property  for  scale 
sizes  less  than  a  few  kilometers.  The  effects  that  scale-size  dependent  electric  field  mapping 
has  on  the  development  of  plasma  structure  has  hen  investigated  in  some  detail.  Large 
and  small  scale  electric  fields  in  the  ionosphere  drive  horizontal  currents  that  are  ohmically 
dissipated  as  heal  in  the  altitude  region  below  about  250  km..  Above  this  altitude  significant 
frictional  heating  of  the  ions  can  oc<  ur  as  a  result  of  a  relative  drift  between  the  ions  and 
the  neutral  gas.  We  have  studied  the  differences  between  representations  of  this  heating  in 
terms  of  a  height-integrated  Joule  heating  rate  and  an  in-situ  frictional  heating  rate.  It  can 
be  (|uite  clearly  seen  that  the  heating  rate  per  particle  must  be  considered  in  each  region 
of  interest  in  order  to  relate  measureincnl s  made  in  one  region  to  conditions  existing  in 
.iiiot  her. 

The  research  activities  reported  on  here,  represent  some  significant  advances  in 
our  understantling  of  physical  processes  in  the  high  latitude  ionosphere.  They  also  provide 
^ome  tools  with  which  the  phenomena  can  he  modelled  and  represented.  The  work  described 
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here  has  significant  implications  for  future  efforts  and  points  to  the  need  to  consider,  not 
otdy  the  high  latitude  region  but  also  the  degree  to  which  the  electrodynamics  is  coupled 
to  low  and  mid-latitudes. 


2.  Ionospheric  Electrodynamics. 

Here  we  describe  the  results  of  studies  of  large-scale  (  '  .'>()  km.)  electric 
fields  in  the  ionosphere  from  a  source,  or  sources,  in  the  outer  magnetosphere.  We 
attempt  to  describe  the  configuration  of  these  fields  in  the  ionosphere,  their  dependence 
on  the  orientation  of  the  IMF,  and  the  magnetic  and  electric  field  configuration  in  the 
magnetosphere  with  which  they  may  be  consistent.  In  addition  to  externally  applied  electric 
fields,  we  also  consider  the  internal  generation  of  much  smaller-scale  electric  fields  produced 
bv  plasma  structures.  In  this  rase,  the  process  of  electrical  coiiplijig  between  different 
regions  of  the  ionosphere  must  be  considered  in  some  detail,  since  the  magnetic  field  lines 
may  not  be  regarded  as  electric  equipotentials. 

2.1.  A  model  of  the  High  Latitude  Convection  Pattern. 

Many  studies  of  the  high  latitude  convection  pattern  have  shown  that 
temporal  changes  in  the  configuration  of  the  pattern  and  the  magnitude  of  the  electric 
potential  are  extremely  important  considerations  (Lockwood  and  Cowley,  1988).  While 
measurements  of  the  convective  properties  may  be  dominated  by  these  effects  the  desire 
to  be  able  to  Instantaneously  describe  the  convective  motion  of  the  plasma  still  exists 
from  the  point  of  view  of  determining  the  effects  of  convective  history  on  the  compostion 
and  total  concentration  of  the  ionospheric  plasma,  ritimatelv  we  would  like  to  determine 
all  the  parameters  affecting  the  configuration  of  the  high  latitude  convection  pattern  and 
specifv  a  model,  dependent  on  these  parameters.  While  we  are  not  yet  in  this  position,  we 
have  advanced  to  a  stage  where  analytical  expressions  can  be  used  to  represent  the  large 
scale  properties  of  the  convection  pattern  for  southward  IMF.  These  expressions  allow 
convective  cells  of  different  geometries  to  be  constructed  and  can  therefore  sii7iulate  the 
major  features  of  an  IMF  dependence  for  the  case  when  the  IMF  has  a  southward 
component  and  distorted  two-cell  convection  patterns  when  the  I.MF  has  a  northward 
comj)onent.  In  addition  to  developing  the  mathematical  expressions  themselves,  we  have 
also  examined  our  capability  to  reproduce  a  given  satellite  observation.  In  this  area  we  have 
studied  the  high  latitude  potential  distribution  obtained  from  specifying  only  the  potential 
distribution  around  the  convection  reversal  boundary,  and  the  shape  of  the  boundary. 
S|K-rific  developments  are  summarized  below. 


2.1.1.  Soiit liu.ird  IMF 

When  the  IMF  has  a  soulliwarti  rompoiient  the  high  latitude  ionosplierir 
rniivcci ion  pattern  is  rhararterized  two  counter-rotating  vortiros  producing  antisunward 
convection  at  highest  latitudes  and  sunward  convection  at  lower  latitudes.  A  representation 
of  the  convective  motion  of  the  jilasina  is  obtained  by  illustrating  lines  of  constant  electric 
potential,  along  which,  in  steady  state,  the  [)lasma  must  How.  Ihe  major  attributes  of 
these  electric  potential  streamlities  that  make  up  Ihe  conv<clion  cells  are  their  geometrical 
size  and  shape  and  tlie  ahstdute  value  of  the  potential  exiretna  that  is  represented  by  them. 
W'e  have  found  that  the  convection  ])atterii  can  be  characl<Tized  very  broadly  by  a  circular 
region  insifle  which  the  jilasma  flow  is  antisunward  and  bcvond  which  the  magnitude  of  the 
Ijotential  decreases  with  latitude.  A  <|uantilative  descri])tioii  of  the  convection  pattern  can 
he  oht, lined  hi  'jiei  ifving  the  local  titiu'  distribution  of  the  potential  around  the  boundarv  of 
the  ( ii  cular  region  aiid  the  hit  it  ude  (list  ril  nit  ion  of  i  he  potent  ial  along  a  local  time  iin-ridian. 
W'e  will  call  the  hoimdary  of  the  circidar  region,  the  convection  n-versal  boundary.  Figure  I 
shows  a  representation  of  the  convection  pattern  derived  from  the  information  given  above. 
Fines  of  constant  potential  are  shown  to  represent  the  convection  streamlines.  The  latitude 
distribution  of  potential  along  the  0(i00-1800  meridian  and  Ihe  distribution  around  the 
convection  reversal  boundary,  assumed  to  be  a  circle  of  radius  12',  are  also  shown.  I'his 
formulation  allows  the  relative  shape  of  Ihe  convection  cells  to  changed  by  changing  these 
two  distributions.  Figure  2  shows  two  representations  of  the  convection  pattern  that  can  be 
produced  by  changing  these  two  distributions.  They  can  be  used  to  approximate  empirical 
re[)resentations  of  the  jjatiern  for  positive  and  negative  values  of  IMF  By  respectively.  We 
note  that  the  changes  in  the  shape  of  the  jiattern  are  obtained  by  moving  the  location  of  the 
zero  potential  line  on  the  dawn-dusk  meridian  and  by  changing  the  local  time  distribution 
of  the  potential.  'I'hus  a  more  (jiiant itaf ive  representation  of  the  pattern  is  obtained  by 
atiem|)ting  to  find  the  deiiendence  that  these  attributes  of  the  pattern  have  on  the  value 
of  By. 

Thi'  task  was  undert.iken  by  utilizing  the  DE-2  data  base  of  electrostatic 
potential  disi  ribul  ions  derived  from  each  high  latitude  satellite  pass  (Hairston  and  Heelis. 
1(190).  Fits  to  the  data  were  performed  to  determine  the  location  of  the  zero  crossing  for 
extreme  values  of  positive  and  negative  By.  The  results  are  shown  in  figure  3.  Similarly  the 
data  can  be  examined  for  changes  in  the  local  time  distribution  of  the  potential  around  the 
r.nvci  I  ion  reversal  boundary  (Fu  et  ah.  1989).  In  addition  to  changes  in  the  geometry  of  the 
convection  cells  as  a  function  of  the  l.MF  By  component,  it  is  also  found  that  the  absolute 
laliie  of  the  potential  extrema  on  the  boundary  are  dependent  on  this  jiarameter.  Figure 
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i  'liow^  that  while  '■ifjiiificaiit  scatter  in  the  data  exists,  a  trend  Icavard  a  (le|M'ndenfe 
on  B  can  easily  he  dcsrerned.  I'inallv  it  is  fouinl  that  a  dejienderKe  of  the  radius  of 
the  roiivcction  reversal  boundary  on  the  ])oiential  drop  across  it  (Siscoe.  1!18'_’)  ran  he 
idiitirined.  W  ith  this  rmimlatiye  information  it  is  possible  to  insert  analytical  dependences 
on  B  into  the  expressions  describing  the  convection  pattern  and  thus  produce  a  model 
that  i'  dependent  only  on  the  IMF  ma"ninid<‘  and  dirc-rtion.  I'hc'  model  produced  to 
lie',  idle  till  convection  pattern  lor  southward  IMh  has  two  important  at  t  rilujl  •••..  i  irst  it 
alloW'  a  elobal  iiattern  to  be  produced  that  displax'  th<  lirst  order  dependences  on  the 
IMF  'liown  by  observations.  Second,  it  allows  fiindemenial  parameter'  of  the  morlel.  such 
a'  the  location  and  magnitude  of  the  |>otential  extretiia.  which  can  be  directly  derived  from 
s.itellite  data,  to  be  input  directly  to  the  model.  The  model  is  thus  cajiable  of  prodtiring  a 
Ltlobal  |•,.pr(>setltat  ion  of  the  convection  patli-rn.  that  directh  reproduces  data  from  a  given 
'ai'lliie  |)ass.  This  exerci-e  cati  be  done  ipiickh  and  easily  lor  a  sin^l.  pa",  and  tin  task 
no\t  remain' t  o  tiiake  it  adaptne  t  <>  mult  iple  data  set  s.  Several  improvement  s  t  o  i  he  model 
reijitire  lurther  study  of  the  data. 

.\t  present  we  have  a  good  representation  of  the  pcitential  distribution  as  a 
function  of  latitude  in  the  polar  rap  region.  However,  the  lor.il  t ime  (list ribiit ion  around  the 
jKilar  ctij)  boutidarv.  and  the  latitude  distribution  for  latitudes  below  the  jiolar  caj)  botindarv 
i'  tiot  yyell  ((uantified.  Larger  data  bases  are  reqyiired  to  advance  otir  understanding  of 
the  ])otential  di.'ttibution  around  the  boundary.  However,  the  distribution  at  latitudes 
Inloyy  the  jiolar  rap  boundary  rerpiires  us  first  to  understand  the  geoiihvsiral  variables 
that  control  its  behavior.  It  is  clear  that  during  magnetic  storms  the  magnet osphnrir  held 
penetrates  to  loyver  latitudes  in  the  ionosphere,  hut  the  temporal  and  spatial  ch  pendenre 
of  ilic  jihenooiena  is  not  well  estahlished.  This  present  iiio(!(d  is  useful  in  determining  the 
con.  .ctive  history  of  ionosjiheric  plasma  and  the  effects  that  rhanges  in  the  paiii  rn  might 
lia\e  on  observed  plasma  distributions  at  high  latitudes. 

2,1.:.  .Nortiiward  J.MT 

One  of  the  jirciducts  of  the  convection  model  development  for  soulhysard 
IMF  i'  the  capability  to  produce  a  single  convection  cell  of  almost  arbitrary  shajie  and 
reprc'ent  iiig  eit  her  clock  wise  or  ant  iclorkyy  isp  circulat  ion.  Wit  li  this  rajiability  it  is  possible 
to  begin  develojmient  of  a  representation  of  the  coi;v<cl  ion  jinttern  for  norlliward  IMI 
by  a"umiiig  that  the  ]»attern  can  be  rejiresented  bv  four  circulat  ion  cells  yvitli  shapes, 
poteniial  distributions  and  loiations  that  depend  on  the  magnitude  and  orient  at  ion  of  the 
l.MF  riie  priililem  i'  apjiroaclied  in  a  similar  manner  as  the  case  for  southward  I.Ml  .  First 
yve  I'siablisb  the  capability  to  rejiroduce  various  configurations  of  the  i oiivect imi  pattiTii 


tlia!  havr  lua'ii  put  forward  as  io))r<‘s<'iitaii«ins  for  the  flow  duriiip  times  of  northward  IMl  . 
I  hen  we  detertiiine  tlie  functional  dei)endence  of  tlie  controlling  parameters  on  the  IMF 
itself  iti  order  to  arrive  at  a  mathematical  model.  To  date,  the  cajtahility  to  reproduce 
manv  repre'^ent  at  ions  of  the  convection  pattern  has  heen  established.  Twc>  extremes  are 
a  four-cell  configuration  put  forward  hv  a  number  of  researchers  (e.g.  Burke  et  al..  1979. 
Ma'vawa.  197f)|  and  a  distorted  two-cell  pattern  described  bv  others  (e.g.  Heppner  and 
Mavnard.  I'ts7).  Tin-  develo])menl  of  the  convection  moilel  for  northward  IMF  assumes 
the  e.xisicnce  of  two  drivers  for  the  convective  motion.  One,  that  we  will  term  "viscous 
ini  tract  ion"  is  assumed  to  be  derived  from  an  electric  field  in  the  magnetospheric  low- 
latitude  boiindarv  laver  and  is  indeiiendent  of  the  IMF  but  not  of  the  solar  wind  speed  and 
densii\.  It  produces  an  essentially  symmetric  two-cell  convection  pattern  in  the  ionosphere, 
although  as  stated  |)reviouslv  the  deitendences  of  the  (tarameters  in  the  model  on  external 
(  ondii  ion^  has  not  vet  heen  estal dished.  1  he  second  driver  is  derived  from  direct  connect  ion 
between  the  I  M  f-  lities  in  the  magnetosheath  with  the  geomagnetic  field.  This  electric  field 
and  r(  suiting  convection  [tatterti  in  the  ionosphere  is  depentlent  on  the  l.MF  magnitude  and 
I iri<  iit.tt ioti  as  well  as  the  solar  wind  speed  and  density.  It  produces  the  familar  assymetries 
iti  the  cotivect ifiti  itatiern  that  have  been  studied  for  the  case  of  southward  IMF  and  in  fact 
dotninates  the  coi)n\<ct ion  pattern  during  such  periods.  During  northward  IMF.  however. 
th(‘  relative  iiiiftortance  of  these  two  drivers  is  not  yet  established  and  they  combine  to 
profhice  the  variety  of  rejtresentations  of  the  convection  pattern  that  have  been  put  forward 
iti  the  literature.  Figure  'i  shows  the  capabilities  of  the  model  constructed  in  this  way.  The 
to|)  |)anel  shows  a  four  cell  pattern  obtained  by  adding  the  two  cell  convection  patterns 
from  <-ach  driver.  Ihre  we  have  assumed  that  both  drivers  produce  svmmetric  [tatterns 
and  thus,  the  re-ulfing  configuration  is  somewhat  idealistic.  Nevertheless,  it  allows  us  to 
establish  variables  such  as  the  location  of  the  convection  jjatlern  center  and  the  radius  of 
the  conveiion  re\cral  houndarv  for  each  driver,  upon  which  a  more  realistic  pattern  mav  he 
developed.  If  these  |»arameters  are  change  and  a  less  symmetric  potential  distribution  for 
the  "direct  connection”  driver  is  as.sumed.  then  the  second  panel  shows  quite  convincingly 
how  a  distorted  twci  cell  j)attern  may  be  formed.  In  addition  to  providing  the  capability  to 
re|)roducr  such  convective  configurations,  the  formulations  currently  being  examined  allow 
some  insight  into  the  evolution  of  the  convection  pattern  from  one  slate  to  another. 

The  availability  of  a  convection  model  that  allows  the  separate  specification  of 
flow  j)atlerns  from  two  sources,  raises  the  issue  of  their  relative  importance.  Here  we  must 
ri’cogni/e  the  difficullv  in  i«leiitifying  the  different  drivers  from  ionospheric  measuremetits, 
dm  to  our  inability  to  unequivocally  determine  the  magnetic  field  toiiology.  In  an  attempt 
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Id  '•lu'd  some  light  on  this  topic  we  have  undertaken  a  statistical  sludv  of  the  relat ionshi])s 
between  the  boundaries  in  energetic  particle  precipitation  regions  and  the  boundaries  in  the 
l  onveciion  ])attern  that  mark  reversals  in  the  ion  drift  from  sunward  to  aiifisunward  (C'oley 
et  al..  l‘)87).  It  is  found  that  the  identification  of  ant  isunward  flow  within  a  region  of  auroral 
])reri])itation  is  subject  to  some  uncertainty  because  the  region  of  overlap  is  generally  very 
small.  Thus  the  signature  of  "viscous  interaction”  in  the  ionosphere  is  very  small.  Either 
it  is  similarly  small  at  the  magnetopause,  and  can  account  for  onlv  a  small  (raction  of 
the  toial  cross  polar  cap  potential,  or  the  existence  of  parallel  jioiential  drops  [)etween 
the  source  and  the  ionosphere  make  it  impossible  to  determine  the  relative  importance 
from  ionospheric  measurements.  Examination  of  the  data  shows  that  both  sunward  and 
antisunward  convection  on  open  field  lines  may  be  a  relatively  frequent  orrur»-nce  on  the 
(lavside  of  the  dawn-dusk  meridian,  during  times  when  the  IMF  component  is  large.  The 
ilaia  sup])ort  the  convective  coidigurat ion  proposi-d  by  Burch  el  al.  (KtS.ai  in  which  both 
flow  directions  in  the  ionosphere  are  associated  with  flow  in  the  loi)es  of  the  magneiotail. 
This  "lobe  cell"  convection  coexists  with  convection  cells  attributable  to  merging  of  the 
IMF  with  the  Earth's  closed  field  lines  during  times  when  the  IMF  is  southward. 

2.1.3.  Temporal  evolution  of  the  Convection  Pattern 

In  addition  to  attempts  at  constructing  analytical  expressions  for  the 
electrostatic  potential  distribution,  the  consequences  of  specifying  the  potential  distribution 
aroutid  the  convection  reversal  boundary  and  subsequently  deriving  the  global  potential 
from  a  solution  of  the  Laplace  equation  have  also  been  examined.  A  scenario  is  adopted  for 
the  solar  wind/magnet osphere  ionosphere  coupling  where  closed  magnet ospberic  flux  tubes 
meree  with  the  solar  wind  magnetic  field.  The  resulting  ojtened  field  lines  convert  across 
the  polar  rap  ionosphere  because  of  field  line  tension  (Moses  el.  al..  19HH.]f)8fl|.  In  the 
mi'del.  the  ionospheric  plasma  is  treated  as  a  two-dimensional  fluid.  An  adiaroic  boundary 
that  api)roximales  the  convection  reversal  is  jjlaced  in  the  fluid  (Siscoe  and  Huang,  lySb). 
Ciaps  in  the  adiaroic  boundary  allow  flux  to  enter  and  leave  and  the  boundary  expands  or 
contracts  at  a  rate  determined  by  the  potential  distribution  along  it  and  the  net  magnetic 
flux  into  or  out  of  the  region  enclosed  by  the  reversal  boundary.  The  j)otentiaI  across  the  gap 
and  the  orientation  of  the  gap  is  chosen  to  best  reproduce  the  properties  of  individual  data 
sets  examined  for  different  orientations  of  the  IMF.  It  can  be  shown  that  bv  ai)|)roj)riately 
locating  the  position  of  multiple  gaps  in  the  adiaroic  line,  a  good  representation  of  the 
convection  pattern  can  be  obtained.  Figure  6  shows  one  such  example  in  which  a  dayside 
and  a  nightside  gap  are  reqttired  but  where  the  flux  entering  and  leaving  the  ])olar  cap  is 
not  equal.  Thus  the  polar  cap  expands.  During  active  periods  intense  electric  fields  form 
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prf'iiiidiiif’ht .  AKo.  on  avcra"*'  the  dawn  ronvcclioii  roll  si)rt‘ad>  and  the  dusk  cell  reircat-- 
j)reuiidid^ht .  Tiie  idghtsidc  gap  furins  ainiig  a  meridian  between  1.’200  and  0200  MLT. 
presumably  when  rernnnection  is  ocriiring  in  the  tail.  Results  indicate  that  the  nightside 
gap  forms  after  the  ex|)ansion  phase  onset  of  a  stibstorm  and  remains  open  through  the 
recoverv  phase. 

'The  Usefulness  of  this  desrri|>tion  of  the  convection  jtattern  lis  in  a  deejter 
utidersi anditig  of  the  response  of  the  ionospheric  convection  ])attern  to  changes  in  the 
IMf  and  in  response  to  sultstortn  activity,  shape  of  the  convection  reversal  boundary  and 
the  distrifiution  of  potential  These  findings  should  be  incorporated  into  the  next  level  of 
so])hist ication  in  analytical  models. 


2.2.  Plasma  St ruet hits  and  roiivecfivc-  flow 

'fhe  appearance  of  jilasma  structures  of  varying  scale  sizes  in  the  high  latitude 
regif)u.  is  of  interest  for  many  reasons.  They  are  signatures  of  the  temporal  evolution  of 
s<iurres,  sinks  and  t  ran  sport  of  plasma  in  t  he  region.  They  are  also  the  seat  of  plasma  densit  v 
gradients  subject  to  a  variety  of  plasma  instabilities.  Here  we  confine  our  attention  to  the 
existence  of  so-called  patches  of  ionization  seen  to  convert  antisunward  across  the  polar  cap 
during  times  of  sotithward  IMF  [Weber  et  al..  1984).  These  patches  have  scale  sizes  of  1000 
km  or  so  and  measuretnents  of  the  electron  temperature  inside  them  indicate  that  they  are 
not  the  product  of  a  local  ionization  source  from  precipitating  particles.  Other  possible 
sources  for  pi  sina  structure  may  be  due  to  different  residence  times  in  regions  where  the 
plasma  is  proiluced.  These  regions  lie  in  the  auroral  zone  and  the  cusp.  W'e  have  undertaken 
an  initial  study  of  the  effects  of  a  change  in  orientation  of  the  convection  pattern,  due  to 
changes  in  By.  on  the  residence  times  of  plasma  packets  in  the  auroral  zone  and  cusp.  Our 
hypothesis  i--  that  the  boundary  of  a  plasma  enhancement  in  the  polar  rap  marks  a  change 
in  the  convective  history  of  the  [ilasma.  Initial  studies  ^Anderson  et .  al.,  1988j.  indicate 
that  this  cotild  indeed  be  the  case.  For  a  given  location  at  very  high  latitudes,  two  effects 
must  be  taken  account  of  when  examining  the  total  ion  concentration.  One  is  the  radius 
of  the  polar  rap  itself,  which  is  in  turn  related  to  the  potential  dop  across  it  [Hairston  and 
lleelis.  1990  .  1  he  otlier  is  tlie  sign  of  By.  which  effects  the  orientationof  the  convection 
cells.  Both  these  parameters  ran  affect  the  past  history  of  the  plasma  seen,  for  example  at 
riiule.  Figure  7  slunvs  the  jiredictecl  temporal  evolution  of  th'‘  peak  F-region  density  seen 
at  riiiile  for  two  ilifferent  configurations  of  the  polar  cap  boundary.  In  one  rase  (100  Kv  x 
I.') ')  the  jilasma  seen  at  thule  in  the  late  afternoon  has  converted  through  the  evening  side 
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Figure  6.  Representation  of  convective  flow  observed  by  DE-2  in  terms  of  flow 
gaps  in  an  adiaroic  boundary. 
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auroral  zone  and  --penl  a  long  time  in  <-olar  illuiiiinatioii  coiiijrared  lo  the  other  case  (.^0  Kv 
X  12  )  where  at  the  same  local  time  the  plasiiia  has  converted  from  the  morningside  and 
spent  little  time  in  sunlight.  It  is  clear  that  the  different  convective  histories  can  produce 
the  required  differences  in  the  total  ion  concentration.  Further  work  is  called  for  in  this 
modelling  effort  to  determine  the  effects  of  variations  in  the  By  component  of  the  IMF  and 
in  the  time  scales  for  changes  re(piired  to  produce  the  plasma  enhancements  with  spatial 
scales  f)f  a  10(10  km  or  sn. 


2.3.  Electrodynamics  of  Polar  Cap  Arcs. 

In  addition  to  the  large  scale  convective  features  discussed  previously, 
during  periods  of  northward  I.MF.  mesoscale  features  in  the  electric  field  and  energetic 
particle  environment  pervade  the  entire  high  latitmle  region.  On  manv  occasions,  these 
smaller  scale  features  dominate  the  character  of  the  [)lasma  and  are  of  considerable 
interest  both  electrodynamically  and  morj)hologically  in  that  they  are  indicators  of  a  vastlv 
different  configuration  of  the  magnetos[)here  during  times  of  northward  IMF  from  that 
existing  during  southward  I.MF.  W'e  have  undertaken  a  study  of  the  mesoscale  features 
existing  during  times  of  northward  IMF,  by  using  a  variety  of  satellite  and  ground  based 
instrumentation.  Our  first  ta.sk  was  to  cstabli.sh  the  electrodynamic  configuration  of  the 
structures  aiirl  subse<|uentlv  to  tmderstand  how  they  are  related  to  the  larger  scale  features 
of  the  auroral  zone. 

During  times  of  northward  IMF  the  existence  of  sun-aligned  arcs  at  very  high 
latitudes  is  well  estaltlished  'Lassen  and  Danielseii  et  al..  1978.’.  While  observations  from 
a  satellite  would  suggest  that  the  electric  field  configuration  accompanying  these  arcs  is 
somewhat  turbulent  and  unorganized,  a  more  complete  examination  from  a  variety  of  data 
sources  serves  to  establish  that  this  mav  nsd  he  the  case  ICarlson  et  al.,  1988:.  The  tmiquness 
of  our  approach  lies  in  the  combination  of  one  dimensional  flata  from  a  ])olar  orbiting 
satellite  and  two-dimensional  imaging  from  the  ground  using  all-sky  cameras.  This  allows 
a  detailed  <  xaiiiitiation  of  the  electrodynamics  of  polar  caj>  arcs  and  also  examination  of 
the  extent  to  which  the  features  manifest  themselves  as  coherent  entities.  Such  studies 
have  shown  that  jiolar  cap  arcs  are  frecpientlu  elongated  in  the  noon-midnight  direction. 
While  thev  may  l)e  only  a  f<'W  hundred  kilometers  in  the  dawn  dusk  dimension  they  may 
extend  across  the  entire  polar  cap  in  the  noon-midnight  direction,  being  many  thousands 
of  kilometers  in  extent.  Detailed  examination  of  the  lerirodvnamic  projierties  of  these  arcs 
niggests  that  they  may  he  associated  with  field-aligned  potential  differences.  Figure  8  shows 
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for  differnt  configurations  of  tho  convection  pattern. 
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Figure  8.  Electrodynamic  properties  observed  by  DE-2  during  the  crossing  of  four 
polar  rap  arcs. 


till'  |)r(>j)i'rt i(>  of  four  arcs,  lala-llcd  A.  B.  and  D.  tarli  oiu‘  n  associated  with  a  negative 
(li\ergeiue  in  the  electric  field  and  in  a  nnifonn  hackground  conductivity  would  require 
an  u|)uard  field  aligned  curr<‘nt.  Further  examination  of  one  of  these  arcs  (B).  shows  that 
the  precipitating  electrons  responsible  for  the  eiiiissi<in  are  also  carrying  the  required  field- 
aligned  current.  I'hus  it  ajtpears  that  these  arcs  are  elect rodynamicallv  similar  to  discrete 
arcs  in  the  auroral  rones  Lyons,  IfISl  .  but  they  a])parently  involve  much  smaller  field 
aligned  j)oteniial  drop-.,  since  prec  i|)itating  eh'ctrons  with  energies  greater  that  1  ke\’  are 
rarelv  seen.  I  he  cidierent  nature  of  these  arcs  implies  that  tluur  elect  rodynamic  properties 
are  'iniilarlv  iireserved  along  them.  If  this  is  the  case  then  it  is  j)o.ssible  to  construct 
j)o^sible  mesoscale  convection  features  associated  with  them.  One  such  example  is  shown 
in  figure  9.  Here  it  is  suggested  that  small  scale  ‘‘finger  like"  convection  cells  exist  around 
each  discrete  feature,  ftetailed  observations  are  still  recpiired  to  determine  the  nature  of 
ihe  coniH'ciion  between  these  mesoscale  features  and  the  larger  scale  convection  features 
associated  with  jdasiua  flow  through  t  he  auroral  ?one.  A  recent  opport  unit  v  to  observe  such 
a  feattire  in  the  nightside  atiroral  zone  using  radar  and  satellite  imagery  has  shown  that 
-.i-r  js.sy  deiK.tc  <Vj.  division  between  antisunward  flow  that  rotates  clockwise  into  the 
polar  cap  antisunward  flow  that  rotates  anticlockwise  into  the  auroral  zone  Nielsen  et  ah. 
191>0.  .  Previous  observations  of  the  theta  aurora  [Frank  et  ah.  1986  .  have  suggested  that 
the  sunward  flowing  plasma  is  associated  with  closed  field  lines  that  presumably  map  to 
the  central  plasma  slieet.  The  implication  is  that  antisunward  flow  is  associated  with  open 
fi(dd  lines  on  either  si<le  of  the  transpolar  arc.  We  note  that  this  need  not  be  the  case  and 
that  the  antisunward  How  on  on  one  side  of  the  arc  may  be  associated  with  the  low  latitude 
boundary  laver.  Further  work  on  the  association  between  the  global  flow  configuration 
and  the  a])])earanre  of  sun-aligned  arcs  is  necessary  to  advance  our  understanding  of  these 
feat  ures. 


2.4.  Electrical  Cou|)Ilt)g  in  Ionospheric  Structures. 

Sturlies  of  plasma  structure  in  the  high  latitude  ionosphere  are  complicated 
l)y  the  variety  of  structuring  mechanisms  and  by  Ihe  effects  of  traiisi)ort.  that  can  deliver 
structured  plasma  to  places  that  are  significant  distances  from  the  source.  A  previous 
section  included  some  work  and  discussion  about  (be  formation  of  large  scale  structure 
from  variations  in  the  conva-ctivo  flow  pattern.  Here  we  are  interested  in  the  behavior  of 
smaller  scale  structure  as  it  is  transported  from  its  source.  The  electric  field  responsible 
for  the  lratisi)ort  will  g»-n«-rally  be  of  scale  sizes  larger  than  a  few  lens  of  kilometers  and 
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oriuiuatc  from  outside  the  iouospiiere.  Ht>wever.  tiie  plasma  sinicture  itself  will  prctduce 
electric  fields  from  the  existence  of  pressure  gradients,  and  these  will  exist  at  the  variety 
of  scale-sizes  possessed  by  the  structure.  For  scales  sizes  greater  than  about  r)km  the 
electric  field  associated  with  an  isolated  structure  will  map  almost  unattenuated  along 
the  magnetic  field  lines  and  its  evolution  will  therefore  depend  on  conditions  existing  at 
locations  remote  from  the  struct  tire.  For  example,  if  an  F-region  structure  converts  over  a 
liiehlv  conducting  K-region.  the  electric  field  can  be  efl'ectively  shorted,  thus  increasing  the 
rate  at  which  this  scale-size  will  decay  if  the  E-region  were  not  present.  .At  scale  sizes  less 
than  a  few  kilometers,  this  simple  view  of  the  processes  acting  to  determine  the  evolution  of 
F  region  plasma  structure  is  complicated  by  the  fact  that  the  magnetic  field  lines  cannot  be 
regarded  as  electric  equipotentials.  We  have  examined  the  processes  involved  utilizing  two 
ajiproarhes.  The  first  examines  onlv  the  effects  of  the  K- region  on  the  temjioral  evolution 
of  a  ])la''ma  structure  in  the  f  region.  For  this  jnirpose  we  mat-  assume  that  the  F-regioii 
and  E-region  are  slabs  of  plasma  of  som«-  specified  vertical  extent,  between  which  electric 
fields  map  and  are  iinattentiated  in  so  doing  (Heelis  et  ah.  1985).  This  siniply  means  that 
an  F-region  structure  will  produce  pressure  gradient  electric  fields  that  may  be  partially 
shorted  out  by  a  conducting  E-region.  If  the  E-region  is  highly  conducting  then  the  F- 
region  pressure  gradient  field  will  be  shorted  out  and  the  structure  will  decay  at  a  rate 
determined  principally  by  the  local  perpendicular  ion  diffusion  rate.  If  the  E  region  were 
a  [lerfect  insulator  then  the  pressure  gradient  field  would  not  be  shorted  and  the  plasma 
structure  will  decay  at  the  local  perpendicular  electron  diffusion  rate.  The  real  situation  is, 
of  course,  in  between  these  extremes,  where  the  conducting  proj)erties  of  the  E-region  are 
im[)ortant.  However,  as  soon  as  the  partially  conducting  E-region  is  considered,  the  effects 
of  the  E  region  field  on  the  local  redistribution  of  plasma  must  be  taken  into  account.  This 
electric  field  tends  to  produce  an  image,  in  the  E-region,  of  the  F-region  piasnia  structure. 

The  second  apiiroach  considers  in  more  detail  the  mappimg  properties  of  the 
electric  field.  In  particular,  it  is  im])ortant  to  understand  that  the  electric  field  mapping 
})rocess  is  scale  size  de[)endent  (Heelis  and  Vickrey.  1990).  Thus  electric  fiehis  from  F- 
region  structures  of  small  scale  size  (<  Ikiii)  may  he  quite  large  but  not  map  effectively 
to  a  highly  conducting  E-region.  Electric  fielels  from  larger  scale  features  in  the  F  region, 
map  effectively  to  the  E-region,  hut  the  electric  fiehb  are  of  smaller  magnitude.  In  order  to 
understand  all  these  effects  it  is  necessary  to  consider  the  altitude  distribution  of  the  electric 
field  and  the  i)lasma.  With  this  consideration  we  see  that  a  given  altitude  below  the  source 
region  for  the  electric  field  will  show  a  preferred  scale  size  at  which  the  compressjonal  effects 
(and  therefore  image  formation)  are  a  maximum.  Since  the  electric  field  is  proportional  to 
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Ml''  pla'-iiia  prc'-'iirt  '^radiciii .  clfclric  fiflds  ar<‘  largest  for  siiiallcst  scale  sizes  at  the  source. 
ll(i\ve\er  the  smaller  scale  sizes  do  not  maj)  effectiv-lv  awav  from  the  source.  Thus  the 
electric  field  at  ativ  location  will  he  a  cotiihinatiot)  of  the  altitude  map])ing  process  and  the 
s(ale  size  under  consideration.  At  large  scale  sizes,  the  ainitlitude  of  image  structure  will 
iticretise  with  decreasing  scale  sizes  for  all  source  pertnrhations  whose  amplitudes  decrease 
less  r;ii)idlv  thati  f.  '.  I'he  inclusion  of  the  elctric  field  mappimg  ])rocess  simply  enforces  a 
decrease  in  the  atnplitude  of  image  strticture  at  large  k  Idr  anv  atnjtlitttde  distribution  of 
!  lie  source.  Thus  a  high  frequency  ”roll-ofr“  of  the  image  sirectrum  will]  always  occur  and 
will  occciir  at  smaller  k-  values  llarger  scale-size)  than  predicted  by  a  theory  that  does  not 
iticlude  the  electric  field  mapping  properties. 


3.  Ionospheric  Frictional  Heating. 

In  addition  to  the  importance  in  determining  the  convective  history  of  the  high 
latitude  plasma  atul  the  res])onse  of  the  convection  pattern  to  chatiges  in  the  IMF.  we 
are  also  interest <(1  in  the  effects  of  the  plasma  motion  oii  its  energy  content.  The  large 
convective  flow  velocities  seen  at  high  latitudes,  imply  the  existence  of  significant  frictional 
heating,  and  in  such  areas,  the  plasma  will  expand,  the  jtlasma  composition  will  change 
and  the  heat  will  be  delivered  to  the  neutral  gas.  In  describing  (he  effects  of  the  plasma 
motion  on  the  temperature  of  the  gas  it  is  important  to  distinguish  between  a  heating 
rate  determined  from  the  prodtict  of  the  electric  field  and  the  height  integrated  Pedersen 
coiiductivitv  and  the  heating  jter  jtarticle  determined  from  tlie  local  difference  between  the 
ion  and  tteiitral  wind  velocities.  In  order  to  understand  the  different  implications  of  these 
two  parameters  we  h;ive  undertaken  a  morphological  stmlv  of  the  global  distribution  of  the 
iort  temiteratnre  and  the  ion  velocity  (Heelisand  Coley.  ]!t88).  By  exatnining  the  differences 
in  the  distribution-  of  t  ••tnperat  ur<'  and  velocity  wr-  can  ascertain  the  effects  of  local  neutral 
witids  in  itioderat ing  or  increasing  the  ion  In-ating  rate.  By  examining  deifferences  between 
the  ion  temjteraiure  distribution  and  the  global  frictional  heating  rate  or  we  can 

-ee  the  effects  of  the  ion  concentration  on  (he  ion  temperature.  Significant  differences  can 
be  seen.  Fi'.^ure  If)  serves  to  illustrate  most  of  the  features.  The  Joule  heating  rate  is 
deijendent  on  both  the  relative  ion-neutral  velocity  and  the  total  ion  concentration.  On  the 
other  hand,  eidiancentents  in  the  ion  temperature  depend  only  on  the  relative  ion-neutral 
velocity.  It  is  thus  the  heating  rate  per  particle  that  is  related  to  the  ion  temperature. 
Ffegions  of  large-  Joule  In-ating  rate  produced  by  enhancements  in  the  ion  concentration  will 
not  necessarv  be  accotiipanied  by  enhancements  in  the  ion  temperature.  In  the  F-region. 
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tlii^  phenoiiienuiii  manifests  itself  in  the  ciisj)  regicm.  In  the  dawnside  F  region.  a  local 
maxinnun  in  the  ion  temperalnre  is  seen  in  the  F-region  while  no  snch  niaximuin  exists  in 
the  heating  rate.  In  this  rase,  a  inaximnm  in  the  ion  netitral  velocity  certainly  does  exist, 
hilt  this  is  couteracled  by  a  ininimiini  in  the  total  ion  concentration.  Tims  the  heating  rate 
per  particle  is  a  maxiiiuim.  while  the  total  heating  rate  is  not. 
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W«  prf«fnt  h^re  a  statifttical  study  M  signatures  of  the  high-latitude  ionospheric  convection 
pattern  and  the  simultaneously  observed  energetic  electron  precipitation  We  moat  often  hnd 
convection  cells  in  which  the  sunward  flowing  region  contams  auroral  particle  precipitation  but 
the  antisunward  flowing  region  does  not  However,  our  observations  also  show  the  frequent 
occurrence  of  convection  cells  in  which  neither  the  antisunward  nor  the  sunward  flowing  plasma 
region  eontains  auroral  particle  precipitation  These  hiidings  may  appear  within  the  dawnside  or 
duskside  convection  pattern  and  strongly  suggest  that  such  convection  cells  may  be  associated  with 
open  magnetic  held  lines  that  thread  the  magnetotail  lobes  Examination  of  the  interplanetary 
magnetic  held  (IMF)  data  shows  that  this  “lobe  cell"  convection  signature  is  most  likely  to  be 
accompanied  by  the  signature  of  dayside  merging  when  the  IMF  has  a  signihcant  y  component 
but  IS  directed  southward.  A  lobe  convection  cell  has  a  location  and  sense  of  circulation  that 
are  dependent  on  the  sign  of  For  the  northern  hemisphere,  clockwise  circulation  displaced  to 
the  duskside  appears  roughly  35%  of  the  time  when  is  positive,  and  anticlockwise  circulation 
displaced  to  the  dawnside  appears  when  By  is  negative  The  same  circulation  sense  and  location 
exist  in  the  southern  hemisphere  for  the  opposite  polarity  of  By  At  times  of  northward  IMF,  the 
circulation  within  the  polar  cap  can  be  at  least  partially  on  closed  field  lines  and  cannot  be  eaeily 
reconciled  with  merely  a  distortion  of  the  standard  “two>cell“  convection  pattern.  The  significance 
of  these  results  to  several  models  of  the  soiar  •rind/magnetosphere  interaction  is  discussed 
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Global  and  Local  .Lnilc  Heating  Effects  Seen  by  DE  2 

K,  A.  IIeelis  and  \V.  R.  Coley 
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In  the  filliludr  rrgion  brtwrtn  350  and  550  kin,  variation  in  the  ion  temperature  principally 
reflect  similar  vorintinns  in  the  local  frictional  heating  produred  by  a  velocity  difference  between 
the  ions  and  the  neutrnU.  Here  we  show  the  diatribulion  of  the  ion  temperature  in  this  altitude 
region  and  discuss  its  attributes  in  relation  to  previous  work  on  local  Joule  heating  rates.  In 
addition  to  the  inn  temperature,  instrumentation  on  the  DE  2  satellite  also  provides  a  measure  of 
the  ion  velocity  vector  representative  of  the  total  electric  field  FVom  this  information  we  derive 
the  local  Joule  healing  rate.  FVom  an  ettimate  of  the  height-integrated  Pedersen  conductivity  it 
is  also  possible  to  estimate  the  global  (height-integrated)  Joule  healing  rate  Here  we  describe  the 
differences  and  relationships  between  these  various  parameters. 


25 


Radio  Scitnct.  Volume  25.  Number  4.  Pages  515-S19,  July-August  1988 


Origin  of  density  enhancements  in  the  winter  polar  cap  ionosphere 

D.  N.  Anderson  and  J.  Buchau 

Air  Force  Geophysics  Laboratory,  Honscom  Air  Force  Base.  Massachusetts 


R.  A.  Heelis 

C'niierstty  of  Texas  at  Dallas.  Richardson.  Texas 


(Received  September  15.  1987:  revised  January  20.  1988;  accepted  January  26.  1988.) 


Coherent  and  incoherent  ground-based  radar  measurements  of  the  winter  polar  cap  ionosphere  at 
Thule  and  Sondresirom.  Greenland  have  established  the  existence  of  "patches "  of  enhanced  ionization 
which  drift  across  the  polar  cap  in  an  antisunward.  noon-midnighi  direction  Associated  with  these 
patches  is  strong  radio  scintillation  activity  which  severely  disrupts  ground-to-satelliie  communication 
systems  and  interferes  with  the  operation  of  space  surveillance  radar  at  high  latitudes  Several  recent 
Studies  have  shown  that  the  source  of  enhanced  ionization  is  the  sunlit  subcusp  ionosphere  rather  than 
production  by  precipiialing  energetic  particles.  However,  the  question  of  what  causes  the  patchiness 
has  not  been  .iddressed.  We  study  this  problem  by  solving  the  time-dependent  plasma  continuity 
equation  including  production  by  solar  ultraviolet  radiation,  loss  through  charge  exchange,  and  trans- 
pi'ri  by  dilTusion  and  convection  f  K  B  drifts.  Time  and  spatially  varying,  horizontal  E  x  B  drift 
patterns  are  imposed,  and  subsequent  ionospheric  responses  are  calculated  to  determine  how  enhanced 
plasma  densities  iit  the  dark  polar  cap  could  result  from  esiended  transit  of  relevant  tlux  tubes  through 
regions  of  signilicant  solar  production  This  would  occur  south  of  the  cusp  prior  lo  convection  as 
patches  across  the  polar  cap  It  is  found  that  a  density  enhancement  in  from  7  s  10*  to  5  «  III’ 
el  cm  '  occurs  at  Thule  when  a  time-varying  convection  pattern  is  included  in  the  simulation  The  patch 
of  ionization  is  generated  when  an  initial  convection  pattern  characterized  bv  an  80-kV  cross-tail 
potential  and  a  12  polar  cap  radius  is  abruptly  changed  to  a  lOU-kV  cross-iail  potential  and  a  15 
polar  cap  rauius.  The  hurizuntal  extent  of  the  patch  is  related  to  the  length  of  time  the  new  convection 
pattern  remains  "turned  on  ' 
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A  MihIcI  lor  Multiple  Throat  Structures 
ill  the  Polar  Cap  T'low  Entry  Region 

.1  .1  Mums.'  I.  SisttM,.^  R,  A.  Hints.'  and  J  I)  WiNNivtiitAM^ 

A  lw.i-*liiiieiisi>iii.il  iiiiiiwplieriv  c«»iivecti«in  mtidel  has  heeii  develo|X*v1  to  piinluce  convection  palleiiis 
liir  siviiihw.itd  inierpl.iiieliirv  magnelie  held  (IMTl  and  a  positive  iir  iieg.iiive  IMT  v  cvimpvineni  Ihe 
niixlel  consists  of  a  inov.ihle.  shear  convectinn  reversal  boundary  with  a  gap  in  it  where  flux  enters  the 
pol.ir  c.ip  Ihe  sign  of  IMI  H,  deiemiines  the  dayside  gap  geometry  We  use  this  simple  niixlel  to 
siintil.iie  nic.isiiird  lonospheiK'  flows  from  the  Ut  2  salelliie  Roughly  J5"..  of  Dl.  2  passes  that  cioss  the 
J.iysule  Ivciwcen  tlkixl  and  1-11111  hours  MLT  cannot  be  modeled  with  a  single  narrow  flow  entry  region 
Hy  lomp.iriiig  nioilel  c.ilculalions  and  the  measured  ion  flows,  we  show  that  Ihe  dayside  flow  entry 
region  lo  the  pi'l.ii  cap  typically  spans  several  hours  in  liKal  time  Hie  electric  field  can  concentrate 
along  portions  of  the  polar  cap  entrance  and  weaken  between  Ihe  coiicenlraled  regions,  thus  forming 
niiiltiple  "ihroals  " 
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(1.  C.  Carlson,'  R.  A.  Hcells,^  K.  J.  Weber,'  and  J.  R.  Sharber^ 


Abstract.  All-sky  Imaitlng  photometer  (ASIP) 
and  cotnctdent  OK  2  satellite  plasma  drift  and 
particle  data  have  been  combined  to  study  polar 
Ionospheric  convection  In  the  presence  of  sub- 
visual  intensity,  soft-particle  excited  (F 
region),  6300-&,  Sun-aligned  polar  cap  arcs. 
Coincident  DE-B  drift  meter  data  Identify  these 
arcs  electrodynamically  as  lines  of  negative 
electric  field  divergence.  Based  on  conduc¬ 
tivities,  derived  from  the  DE-B  (lou-altltude 
plasma  instrument)  measured  particle  fluxes,  and 
the  measured  electric  field  gradients,  the 
divergence  of  horltontal  current  across  these 
particle  Impact  excited  arcs  Is  In  good  quan¬ 
titative  agreement  with  upward  Blrkeland 
currents  carried  by  the  measured  particle 
fluxes.  Although  velocity  structure  can  be 
found  without  arcs,  given  the  ASIP  Identified 
condition  of  stable  weak  (hundreds  of  raylelghs) 
6300-A  Sun-aligned  arcs  In  the  polar  cap, 
electric  field  negative  divergence  Is  con¬ 
sistently  found.  These  arcs  (of  the  order  of 
100  km  In  width)  are  found  by  ASIPs  in  the  polar 
cap  about  half  the  time  under  B^  >  0  Inter¬ 
planetary  magnetic  field  conditions.  They  are 
regularly  seen  by  ASIP  data  to  extend  1000  to 
over  2000  km  In  the  sunward  direction,  and  to 
persist  In  time  often  for  over  an  hour.  Ue  are 
thus  led  to  conclude  that  velocity  gradients  of 
this  noon-raldnlght  elongated  scale  are  typical 
of  B2  ^  0  conditions.  We  further  conclude  that 
combined  polar  ASIP  images  and  electrostatic 
potentials  calculated  along  transpolar  satellite 
tracks  offer  a  valuable  diagnostic  for  polar 
Ionospheric  convection  studies  under  >  0  con¬ 
ditions.  The  ASIP  time  continuous  two  dimen¬ 
sionality  and  the  satellite  eqiilpotent  lal 
scaling  allow  Individual  "snapshots"  of  these 
polar  convection  boundaries.  Application  here 
demonstrates  highly  anisotropic  temporally 
stable  convection  with  greater  order  than  has 
previously  been  suspected. 
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Polar  C’ap  DcHaiion  During  Magnclosphcric  Substorms 

.1  .1  Mumv'  G.  I.  SiMOi.^  R  A.  Huns.'  and  J  O  Winninuiiam* 

Ilu-  c<p.iiuhng  cuiiir.tciing  polar  t.ip  nimlc!  h.iN  Ixtii  UMTd  l<>  sinuilalc  1)1.  2  ion  drift  dala  during 

. . .  .IS  dcicriiiiiii-d  using  Ihc  Al.  index  Of  the  ,>>»  casts  modeled.  57  '„  required  Ihe  opening  of  a 

nighisidc  g.ip  winch  maps  to  where  rcxonneclion  occurs  in  ihc  lail;  75  '..  of  the  Ift  recovery  phase  cases 
required  a  mglilside  gap  while  only  2»'V!.  of  the  17  expansion  phase  cases  required  a  nighiside  gap  On 
Ihe  h.isis  of  Ibis  result,  we  conclude  the  following  If  a  nighlside  gap  implies  lail  reconnection,  then 
recoiineclion  probably  <iccurs  after  expansion  phase  onset  and  conlinues  ihroughoul  motl  of  Ihe  recov¬ 
er)  phase  of  a  subsiorm 
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Model  of  (he  Ui};li-l^;it it iid»‘  loii<ts])lierie  C'oiivi'ct ion  Paltern  During 
Southward  Interplam-tarv  Magnetic  l^ield  Using  DE  2  Data 


M  H  Maihston  and  H  A  Hfn.is 

(  /<»?  >;«<»  ♦  >«  If  »!<•«.«.  l-ti/rt  1  fity  4tJ  Itxtif  at  lUiUu.*,  Htchart{foyi 

Data  from  poUr-orltiditi;  Nalrllilr  Dh  U  arr  iix-d  ici  calculHlr  oiir-diniriisionat  flrc- 
tro>lalic  polentia!  (iisiriUiiiidiis  across  llic  polar  <  ap  r('(;ioii.  lUiiij;  passes  fJial  lir  within 
i  3  hours  MLT  of  the  dawn  <lusk  line,  various  paraiiieiers  of  the  polar  potential  distribu¬ 
tion  (location  and  maf;ii(tude  of  the  iiiaittiiia  and  iiiiiiiiiia.  loration  of  the  xero  potential 
point,  etc.)  are  analv2r<l  tti  relation  to  each  oilier  and  to  the  inierplanetary  magnetic 
field  (IMF).  The  resulting  flepeiidences  are  used  to  derive  a  two-dimensional  model  of 
the  distribution  of  tlie  electrostatic  potential  in  the  high-latitude  ionosphere  during  times 
of  southward  IMF.  This  model  can  be  generated  using  as  inputs  either  the  ionospheric 
potential  parameters  <ir.  based  on  the  relationships  analysed  here,  the  IMF  conditions. 
The  capabilities  n|  the  resulting  mathemal ica)  model  are  illustrated,  and  the  importance 
of  retaining  a  Hexihi)ii\  in  the  model  to  accomiiiodate  individual  observations  is  empha¬ 
sised. 
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^  Department  of  Physics  and  Astronomy, 
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Abstract 

.A  theta  aurora  is  ol)served  in  tile  northern  hemisph(!re  on  21  .lanuary  1982  using 
the  auroral  imaging  instrumentation  on  board  the  DE-1  s])acecraft.  The  period  of 
observations  is  from  1807  to  2121  UT.  The  transpolar  arc  is  observed  to  advanced 
toward  the  dusk  sector,  in  the  direction  of  the  interplanetary  magnetic  field  By 
component.  Coincidentally,  the  intersection  between  the  arc  and  the  auroral  (wal 
near  local  midnight  passes  through  the  field-of-view  of  the  STARE  coherent  radar 
system,  thereby  providing  the  opportunity  for  me2isurements  of  the  spatial  pattern  of 
ionos|)heiic  electron  drift  velocities.  The  convection  How  in  the  arc  is  directed  toward 
the  nightside  auroral  oval,  where  it  divides  into  westward-  and  eastward-directed 
flows  (eastward  and  westward  electro  jets).  Sunward  flows  are  not  observed  along  the 
transpolar  arc  near  midnight.  The  overall  flow  pattern  is  identical  to  that  expected 
at  the  Harang  discontinuity.  Two  traversals  of  the  auroral  oval  and  polar  cap  with 
DE  2  demonstrate  that,  as  expected,  transitions  from  antisunward  to  sunward  flow 
are  as.soriated  with  the  dayside  of  the  transpolar  arc.  Tlie  evolution  of  the  arc  and  its 
convective  features  observed  simultaneously  on  both  the  dayside  and  the  nightside 
allow  a  more  complete  description  of  its  global  configuration  than  has  been  made 
previously. 
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Magnetic  Field- Aligned  Coupling  Effects  on  Ionospheric  Plasma  Structure 
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J.  F.  Vickrey 
SRI  International 
ABSTRACT 

A  iiiatheiiiatical  description  of  the  electrical  coupling  and  dynamics  of  plasma 
structure  in  the  E  and  F  regions  is  presented.  The  scale  size  dependence  of  electric  field 
coupling  along  the  magnetic  field  is  examined  for  a  realistic  background  ionosphere  and 
atmosphere.  It  is  shown  that,  while  normalized  potentials  map  reciprocally  between  two 
altitudes,  the  potential  disturbance  caused  by  a  fixed  amplitude  plasma  density  perturbation 
does  not.  The  magnitude  of  the  electrostatic  potential  created  by  structured  ionization  is 
also  shown  to  be  strongly  dependent  on  the  altitude  of  the  structure. 

The  existence  of  plasma  density  structure  at  some  altitude  induces  structure  at 
other  altitudes  along  the  magnetic  field  in  a  scale  size  selective  way.  The  early  evolution  of 
an  F  region  structure  that  is  initially  confined  in  altitude  is  dominated  by  parallel  diffusion. 
Low  altitude  image  structure  growth  imposed  by  electrostatic  fields  mapped  from  the  source 
is  also  very  rapid;  significant  image  amplitudes  are  reached  in  a  matter  of  seconds.  The 
altitude  distribution  of  the  evolving  structure  is  strongly  dependent  on  the  scale  size. 

At  E  layer  altitudes,  where  the  Pedersen  mobility  is  high  and  parallel  diffusion 
relatively  slow,  a  preferential  scale-size  for  image  structure  is  apparent  for  typical  F  region 
source  spectra.  This  preferred  scale  size  becomes  smaller  with  increasing  height.  Above 
about  200  km  altitude,  however,  parallel  diffusion  becomes  increasingly  important  with 
height  in  determining  the  altitude  and  scale  size  distribution  of  structure  resulting  from  a 
source  at  higher  altitudes.  The  parallel  diffusive  flux  can  be  modified  by  the  existence  of 
local  plasma  structure  perpendicular  to  the  magnetic  field. 
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